Results and Discussion The LF4 Protein Is a Predicted MAP Kinase
The open reading frame of the LF4 gene encodes a Cloning the LF4 Gene putative MAP kinase. The predicted amino acid seMore than ten lf4 alleles have been generated by inserquence has high homology (52% identity and 68% simitional mutagenesis [2, 4] . Flagella of the lf4-1 allele reprelarity) to a MAP kinase from mammals termed MOK [3] sent a wide range of lengths from 0 to 38 m (Figures (Figure 3 ). MOK is a MAP kinase similar in amino acid 1A and 1D), whereas wild-type cells have flagella in a sequence to the male germ cell-associated kinase tightly clustered range of lengths centered around 12 (MAK) [8] and the MAK-related kinase (MRK) [9] . Within m ( Figures 1A and 1C) . The flagella of wild-type cells the kinase domain of MAP kinases are 11 conserved never exceed 16 m. subdomains that are critical for enzyme function [10] . We took advantage of the plasmid DNA inserted into LF4 has over 68% identity and 85% similarity with MOK the genome during transformation to clone a DNA fragwithin these subdomains. Kinases usually contain a glyment flanking the site of plasmid insertion. This DNA cine-rich motif (GXGXXG) in subdomain I that interacts was used to identify large-insert clones from lambda with ATP. In contrast, the glycine-rich motif is GXGXXS and BAC libraries. Clones rescuing the long-flagellar in LF4 and MOK. This substitution of glycine for serine phenotype were identified by cotransformation into lf4, is not uncommon within the class of serine/threonine arg7 cells by using the argininosuccinate lyase gene kinases. The LF4 protein (LF4p) also has an indispens-(ARG7) as a selectable marker [5] . A plasmid (pMN100) able lysine at amino acid 33 in subdomain II that is containing 9.1 kb of genomic DNA was the smallest required for ATP binding [11] . The TEY activation loop clone able to rescue lf4 upon transformation (Figure 1 Very little is known about the regulation of doublet microtubule assembly, in contrast to our detailed understanding of the assembly of singlet, cytoplasmic microtubules. Although it is difficult to break down Chlamydomonas axonemal doublet microtubules in vitro [13] , cells can rapidly disassemble and assemble flagella. Amputation of one of the two flagella triggers flagellar disassembly within minutes [14] , as does mating of a long-flagella mutant to wild-type cells [15] . These rapid responses are characteristic of signaling pathways, because protein synthesis is not required for the flagellar shortening. Targets for LF4 MAP kinase activity could be components of the intraflagellar transport (IFT) apparatus, which has been shown to be essential for the growth and maintenance of flagella [16] . Rapid turnover of flagellar proteins in intact flagella has been shown by in vivo labeling [17] and by immunofluorescence with an epitope-tagged tubulin [18] . This rapid turnover suggests that IFT components could play a role in regulating the turnover of flagellar protein to control flagella length. Marshall and Rosenbaum [18] proposed that length control in Chlamydomonas involved balanced assembly and disassembly at the flagellar tips, regulated at least in part by IFT.
The extensive sequence similarity of the LF4p MAP kinase to a family of MAP kinases in mammalian systems 
